Purpose To evaluate the effects of aflibercept administered according to a pro re nata (PRN) or Fixed Regimen to patients with neovascular AMD and persistent intraretinal/ subretinal fluid (IRF/SRF) despite three consecutive ranibizumab injections. Methods Patients were switched to aflibercept injection (IVA) administered according to a PRN or to a fixed regimen for 1 year in two different retina centers. At baseline each patient underwent a complete ophthalmologic evaluation, including bestcorrected visual acuity assessment (BCVA ETDRS chart), fluorescein, and indocyanine green angiography and OCT. Results Each group included 36 eyes. After 1 year the PRN group showed BCVA stabilization (63 vs 60 letters, P = 0.33), whereas fixed regimen group showed significant BCVA improvement (68 vs 71, P = 0.008). The median central retinal thickness decreased by 94 μm in the PRN (P = 0.002) and by 148 μm in the fixed regimen group (P ≤ 0.001). Complete IRF/SRF reabsorption was found in 58% of eyes in the PRN and in 42% of eyes in the fixed regimen group. At 1-year visit, the percentage of eyes with pigment epithelium detachment did not significantly decrease, but a height reduction was recorded in both groups. The median number of IVA was 3.5 in the PRN and 7 in the fixed regimen group. Conclusion The switch to aflibercept with both treatment strategies enabled improvement in morphological parameters and stabilization of visual acuity. BCVA improvement and reduction in vision loss with reduction in retinal thickness, fluid and PED height was achieved with the fixed regimen in previously treated nAMD after 1 year.
Introduction
Age-related macular degeneration (AMD) is a leading cause of adult blindness in the developed world. 1 Severe visual loss from AMD is caused by subfoveal choroidal neovascularization, which is the hallmark of neovascular AMD (nAMD).
The use of intravitreal anti-vascular endothelial growth factor (VEGF) therapy currently is the standard of care for nAMD. The most commonly used agents, bevacizumab and ranibizumab, reduce exudative fluid and have been shown to improve best-corrected visual acuity (BCVA) in eyes with nAMD compared with controls. [2] [3] [4] Aflibercept is a new anti-VEGF agent, which is a recombinant fusion protein consisting of key human VEGF receptor 1 and 2 extracellular domains (VEGFR1 and VEGFR2) fused to the Fc domain of human IgG1. 5, 6 This protein binds VEGF-A, VEGF-B, and placental growth factor (PlGF), thus inhibiting the binding and the activation of VEGF receptors. 5, 6 Recently, the results of a randomized clinical trial comparing aflibercept (IAI 2 mg, dosed every 2 months after 3 initial monthly loading injections) vs ranibizumab (0.5 mg every month) in naive nAMD (the VIEW trial) revealed that visual outcomes were similar with the two agents at 52 weeks and also after 96 weeks of follow up. 7, 8 The availability of different anti-VEGF therapies offers the opportunity to switch from one anti-VEGF agent to another in subjects who still have active lesions after anti-VEGF treatment. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] There have been several case series describing the outcome of switching from ranibizumab and/or bevacizumab to aflibercept in poor responders with nAMD. Different treatment regimens of aflibercept have been adopted for the switch and no clear dosing recommendations have been made.
The purpose of this study was to evaluate the long-term effects of two different treatment strategies of intravitreal aflibercept (IVA; pro re nata (PRN) or fixed) in patients with nAMD and persistent retinal fluid after at least three monthly intravitreal ranibizumab injections.
Materials and methods
In this retrospective clinical study, patients affected by nAMD, showing persistent activity on spectral-domain optical coherence tomography (SD-OCT) and treated with intravitreal ranibizumab (IVR) were switched to IVA injection administered according to a PRN or to a fixed regimen at the Department of Ophthalmology of IRCCS Fondazione G.B. Bietti and University of Rome Tor Vergata. The study protocol adhered to the tenets of the Declaration of Helsinki Principles, was approved by the local Institutional Review Board. Each patient signed an informed consent prior to the intravitreal injections.
Eligibility criteria were: nAMD with persistent intraretinal/subretinal fluid (IRF/SRF) after at least three monthly consecutive IVR injections as evaluated by means of SD-OCT.
The key exclusion criteria included: history of vitrectomy, trabulectomy, surgery for retinal detachment, or any intraocular or periocular surgery in the study eye (within 3 months of day 1), uncontrolled glaucoma, or uveitis or any other ocular disease able to confound the assessment of safety and/or efficacy of treatment. Moreover, patients with uncontrolled systemic hypertension, peripheral vascular disease and history of thromboembolism or stroke were excluded.
Each eye received IVA at the recommended dose of 2 mg (0.05 ml) every 4 weeks for 12 weeks (loading phase), followed by intravitreal injections 2 months apart in the Fixed Regimen group or a single injection followed by a PRN regimen based on predefined re-treatment criteria. Following the first IVA, each patient in the PRN group was examined monthly (4 weeks) over a 12-month follow-up period. Additional re-treatment was administered if IRF/SRF was confirmed on SD-OCT or new hemorrhages were detected upon fundus examination or choroidal neovascularization (CNV) leakage was detected at fluorangiography.
BCVA measurement with ETDRS charts (letter score), slit lamp biomicroscopy, intraocular pressure assessment by Goldman applanation tonometry and SD-OCT Spectralis (version 1.5.12.0; Heidelberg Engineering, Heidelberg, Germany) were performed at a scheduled monthly visit in the PRN group and before each scheduled injection. The Volume Fast program (version 1.5.12.0; Heidelberg Engineering) was used for SD-OCT scanning and central retinal thickness (CRT), which corresponds to the mean thickness in the central 1 mm diameter area, was evaluated. Fluorescein angiography and Indocyanine green angiography (FA and ICGA, HRA2 Heidelberg Engineering, and TRC-50X; Topcon Instrument Corp., Tokyo, Japan) were performed at baseline and at the discretion of the investigator during the study.
Intravitreal injections of aflibercept were administered according to the national and international guidelines for intravitreal injections. 21 The study's primary outcome was the assessment of the mean BCVA (ETDRS letter score) at 12 months in both treatment regimen groups.
Secondary outcomes included the mean change in BCVA, the proportion of patients losing 5-15 ETDRS letters, the change in CRT, as well as the changes in IRF/ SRF, the presence of pigment epithelium detachment (PED), the subfoveal height of PED (manual measurement by SD-OCT caliper), and the number of injections.
The Wilcoxon test and the Mann-Whitney test (paired and unpaired depending upon the groups) were carried out to evaluate the changes in BCVA, CRT, and PED height, while the Fisher exact test was performed for the comparison of proportions. The level of significance was set at Po0.05.
Results
The analysis identified 72 eyes of 72 patients fully satisfying inclusion and exclusion criteria. During the study period 36 eyes received aflibercept according to the PRN regimen (PRN group) and 36 eyes received the loading dose plus a fixed bimonthly injection (fixed regimen group). Demographics and clinical characteristics of all patients are summarized in Table 1 .
In the PRN group 13 out of 26 cases of occult CNV (50%) had serous PED. ICG angiography of these lesions disclosed four cases of retinal angiomatous proliferation (RAP) and one case of polypoidal choroidal vasculopathy (PCV).
In the fixed regimen group, 22 cases have occult CNV (61.1%) at FA. Twenty out of 22 cases of occult CNV (90.9%) had serous PED. ICG angiography of these lesions revealed one case of RAP and two of PCV.
At the baseline examination, the two groups did not differ with regard to age, gender distribution, previous number of ranibizumab injections, the time between the CNV diagnosis and the first aflibercept injection, CNV type, and proportion with PED.
At baseline, the median BCVA value was 63 letters in the PRN group. At 4-, 8-, and 12-month examinations, the BCVA was stable and the final median value was 60 letters (P = 0.33 vs baseline; Table 2 ). The fixed regimen group showed a statistically significant improvement from the baseline value (from 68 letters to 71 letters) at 4-month examination (P = 0.02). After this examination BCVA stabilized and at month 12 it still was 71 letters (P = 0.008 vs baseline).
In the PRN group 25% of patients (9/36) lost 5-15 letters at 12 months; only 1 patient lost 415 letters. In the fixed regimen group 8% of patients (3/36) lost 5-15 letters at 12 months; no patient lost 415 letters. At 12 months, mean change in BCVA was significantly better in the fixed regimen group (median, 2.5 letters; IC 95% − 0.99/ − 5) than in the PRN group (median, − 0.5 letters; IC 95% − 4.50/− 2.00).
A significant reduction in the median CRT was recorded in both groups at the 4-month visit. Subsequently, median CRT values stabilized until the end of the study. The CRT reduction vs baseline was still significant at 12 months in both groups (PRN P = 0.002, fixed Po0.001). The CRT mean change by month 12 was The median BCVA showed stabilization in the PRN group over the whole study period; a statistically significant improvement in BCVA was recorded at 4-month examination in the fixed regimen group, which was preserved on subsequent visits at 8 and 12 months. A total of 33 eyes had PED at the baseline examination, 13 in the PRN group and 20 in the fixed regimen group. After 1 year, complete PED flattening was recorded in four patients, three in the PRN and one in the fixed regimen group (Table 5a) .
However, a greater reduction in the median subfoveal PED height was achieved at 12-month visit with the Fixed regimen (186 vs 90 micron, 52% reduction) than with PRN regimen (262 vs 174 micron, 31.9% reduction; Table 5b ).
The mean number of aflibercept injections administered by month 12 after the switch was 3.5 ± 1.6 (± SD, median: 4; min 1; max 7) in the PRN group and 7 (median: 7) in the fixed regimen group. The average injection free interval in PRN group was 3.48 ±1.42 months and in the fixed group was 1.71 months (Po0.0001).
The highest number of injections in the PRN regimen was administered in the first 3 months (12/36, 33%) and the lowest at month 10 (1/36, 2.8%).
The total number of intravitreal injections in the whole follow-up period was 127 in the PRN and 252 in the fixed regimen group.
Concerning the number of visits in the PRN group (including the end study visit) patients attended a total of 396 out of 468 planned visits (15.4% visit loss), with a mean number of visits of 11.02 ± 1.86 (7) (8) (9) (10) (11) (12) (13) .
In the fixed regimen group, despite the high number of injections, they attended only 144 visits, equivalent to just over one third (36%) of the visits attended in the PRN group, with a mean number of visits of 4. Abbreviations: fixed regimen, loading phase+bimonthly injections; PED, pigment epithelial detachment; PRN, pro re nata strategy. Reduction in median PED Height was measured in both subgroups at the 12-month visit. The reduction reached statistical significance in both groups.
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No significant ocular or systemic adverse events were recorded over the course of the follow-up in both groups.
Discussion
We performed a retrospective study comparing the efficacy of two different treatment strategies (PRN vs fixed regimen) of aflibercept in nAMD patients with persistent fluid previously treated with ranibizumab. At 12 months of follow up, we observed an overall stabilization of visual acuity and an improvement in morphological findings in both treatment group.
In particular, the fixed regimen enabled the achievement of significant BCVA improvement, significant reduction in the percentage of patients with a vision loss of 5-15 ETDRS letters and a high percentage of patients with dry macula. It also reduced PED height to a greater extent than the PRN regimen at 12 months, confirming the efficacy of proactive treatment also in previously treated nAMD eyes.
The PRN regimen enabled the achievement of BCVA stabilization at 12 months associated with a reduction in retinal thickness, fluid and PED height at OCT, with a lower number of intravitreal injections (3.5), thus proving to be also a good choice in the management of switched eyes.
It has been well established that the efficacy of drugs blocking the increased level of intravitreal VEGF associated with nAMD may diminish over time. In addition to the mechanisms involving a change in the cellular composition of the neovascular membrane (pericyte coverage) and in the effects on the retinal architecture (fibrosis), the loss of activity has been partially attributed to tachyphylaxis or to increased tolerance. 22 At present the dilemma of when and how to change medications after their efficacy has diminished has not been addressed. [23] [24] [25] [26] Aflibercept is the last anti-VEGF drug that has been approved for the treatment of naive CNV associated with AMD, based on the efficacy demonstrated in the VIEW trials. 8, 9 In recent studies, it has been considered as a treatment option for patients presenting with persistent/ resistant nAMD or with high recurrence rate. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [23] [24] [25] [26] Moreover, aflibercept has also been used as alternative treatment in patients treated successfully with ranibizumab or bevacizumab. 19 Additional activity of aflibercept may rely on higher binding affinity to VEGF-A and the ability to target VEGF-B and PlGF. 5, 6 Different treatment regimens of aflibercept have been adopted for switching therapy, but no clear recommendation has been made due to the lack of direct comparisons between treatment strategies.
For this reason, we aimed to compare the results obtained in two Italian retina centers after switching nAMD patients previously treated with anti-VEGF agents to aflibercept and treating them according to two different treatment strategies (PRN vs fixed regimen) .
The analysis of the results by treatment regimen showed that BCVA remained stable in the PRN group for the whole follow-up period, while it improved significantly after the first three injections in the fixed regimen group and then stabilized up to month 12. This resulted in a higher mean change in BCVA at 12 months in the fixed regimen group than in the PRN group (+2.5 vs − 0.50 letters). Moreover, also the percentage of patients with BCVA loss of 5-15 letters was lower with the fixed regimen than with the PRN regimen (8 vs 25%). The switch to aflibercept prevented severe loss of visual acuity (415 letters): this was not observed in any patient in the fixed regimen group and in only one patient in the PRN regimen group.
Furthermore, the switch to aflibercept determined a significant reduction in CRT in both regimens. Although the absolute CRT reduction was higher in the fixed regimen group (148 vs 94 micron), the proportion of the thickness reduction was similar in the two groups (−30.8% in fixed and − 27.2% in PRN regimen; P = 0.20). In addition, the proportion of patients with persisting IRF/ SRF was significantly reduced during the whole follow up in both groups: at month 12, the proportion of dry eyes was 58% in PRN group and 42% in fixed regimen group. Despite this difference, the proportion of dry patients between groups was not statistically significant at the end of follow up (P = 0.23).
At month 12, only four patients showed complete PED flattening, 3 in the PRN group (1 RAP lesion and 2 serous PED) and 1 in the fixed regimen group (RAP lesion). A greater reduction in the median subfoveal PED height was achieved at the 12-month visit in the fixed regimen (186 vs 90 micron, 52% reduction) than in the PRN regimen (262 vs 174 micron, 31.9% reduction). This could be related to the more prolonged VEGF blockade achieved in the fixed regimen.
Our long-term data on functional improvement in the fixed regimen confirm the results of previous studies with shorter follow-up, reporting on the efficacy of aflibercept administration in a course of at least three monthly injections in patients with persistent CNV activity. 9, 10, 13 Kumar et al 9 and Chang et al 13 observed a statistically significant improvement by one line LogMAR and 6.9 letters at the 6-month examination, respectively. A comparison of their findings with our data is difficult due to differences in the baseline characteristics of the patients and study methodology. 9, 13 Also Singh et al 19 demonstrated visual acuity improvement by 5.9 letters and a reduction in retinal thickness with the same fixed regimen at 6 months.
However, contrasting data on long-term outcome in terms of visual acuity have been reported. In the study of Messenger et al, 15 where nAMD switched eyes have been treated at investigator discretion, and in the study of Grewal et al, 16 where recalcitrant nAMD switched to aflibercept have been treated with a fixed regimen, a stabilization of visual acuity after 1 year, associated with anatomical improvement, was reported.
According to our study, other authors obtained a stabilization of visual acuity in the long-term follow up in chronic refractory and recurrent nAMD treated with aflibercept in PRN regimen. 11, 26 Overall, a statistically significant reduction in retinal thickness associated with a reduction in the proportion of eyes presenting IRF/SRF was reported in all published studies on nAMD patients switched to aflibercept. These positive outcomes were also confirmed in our study during the 12-month follow-up in both treatment regimen groups.
The long-term data of the current comparative study enables us to highlight different functional and anatomical outcomes with the two treatment regimens.
The results coming from the fixed regimen were obtained with seven intravitreal injections as per protocol. This result confirms that visual outcomes are strictly related to the number of injections. Nevertheless, the PRN regimen achieved results with a lower number of intravitreal injections (3.5), suggesting that it may also be a good choice for the management of switched eyes. In our PRN treated population 15.4% did not attend followup visits, and this lack of compliance could have influenced the visual outcomes in the long term.
Our study has some limitations. Indeed, the current study was not designed to compare the efficacy of the two treatment regimens in a randomized trial. It served as an exploratory analysis on the effects of a PRN regimen as an alternative to a fixed regimen in eyes with persistent CNV activity despite multiple ranibizumab injections. In addition, the involvement of two separate retina department, even if currently taking part to clinical trials, could introduce other biases. Furthermore, the relatively small sample prevented a subgroup analysis in an attempt to highlight different effects of aflibercept according to the CNV subtype.
In conclusion, the switch to aflibercept with both treatment strategies enabled improvement in morphological parameters and stabilization of visual function. Important reductions in CRT, fluid, and PED height associated with improvement in BCVA were achieved with the fixed regimen.
Summary
What was known before K The availability of different anti-vascular endothelial growth factor (anti-VEGF) therapies offers the opportunity to switch from one anti-VEGF agent to another in subjects who still have active lesions after anti-VEGF treatment.
There have been several case series describing the outcome of switching from ranibizumab and/or bevacizumab to aflibercept in poor responders with neovascular agerelated macular degeneration (nAMD). Different treatment regimens of aflibercept have been adopted for the switch and no clear dosing recommendations have been made.
What this study adds K In nAMD the switch to aflibercept in pro re nata or fixed regimen enabled improvement in morphological parameters and stabilization of visual acuity, showing better results in the fixed regimen after 1 year.
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